. Photograph of starch gel showing three electrophoretic patterns of GPT. From left to right, the phenotypes are GPT 1, GPT 2-1, and GPlT 2. with one parent heterozygous at both the soluble GOT and GPT loci, there were no recombinants out of a possible five. Further studies are requiired to determine whether or not these two loci are genetically linked. Table 1 shows the incidence of GPT phenotypes among Seattle blood donors of three ethnic groups and their calculated gene frequencies. The frequency of Gpt' is highest in the Afro-Americans, lowest in the Caucasians, and intermediate in the Orientals, miainly of Japanese origin.
We also determined the GPT phenotypes of several hundred blood specimens obtained from natives of New Guinea, the Philippines, the Congo, Mozambique, North America (Indian), and Peru (Indian) . In all populations tested, GPT was polymorphic, the frequency of Gpt' ranging from 0.87 in Mozambique to 0.29 in the Philippines. Thus, GPT can be added to the relatively short list of polymorphic systems with gene frequencies highly favorable to their use as genetic markers in man (11 Giblett, Auz. J. Hunt. Ge,iet. 23, 87 (1971) . 9. A. Karmen, J. Cliti. IJ, est. 34, 131 (1955 Plasma an d brainl tryptophan levels were elevated 10 to 60 minutes after the inljectiotl, blut tiley never exceeded the conicetrt-ationis that occu-r nocturnally ill iun!-trecite(l aninmal.s as reslult of tlheir niorm-7al 24-hlou rh thlml3s. These data sulggest thlat physiological changes in plasma tryptophan coniceeitratiolI in?fluenice braiin serotonini levels. The symbols are: Open, GPT 1; shaded, GPT 2; half-shaded, GPT 2-1. NT, not tested; ,Ff deceased. 9 JULY 1971 The initial step in the biosynithesis of brain serotonin involves the 5-hydroxylation of its precursor amino acid, Ltryptophan (1) . The activity in brain fractions of tryptophan hydroxylase, the enzyme that catalyzes this reaction, is relatively low (2); hence, this enzyme could limit the rate at which the indoleamine is formed in vivo (2) (3) (4) . However, the affinity of tryptophan hydroxylase for its substrate is also low (2) , and the concentration of tryptophan usually present in neurons that produce serotonin may not be sufficient to saturate the hydroxylase (2, 3, 5 (6) , and is elevated in rats receiving diets with large amounts of tryptophan (7) blood was collected from the cervical wound in tubes containing heparin and then centrifuged; the plasma was frozen and later assayed for tryptophan (13). Brains were quickly removed, bisected midsagittally (14), and frozen on Dry Ice. One half of each brain was assayed for tryptophan (13) and the other half for serotonin (15).
In initial experiments, groups of ten rats received L-tryptophan (12.5, 25, 50, or 125 mg/kg) and were killed 1 hour later. All doses tested caused brain concentrations of both tryptophan and serotonin to rise ( Fig. 1) . At certain doses of tryptophan (25 mg or less per kilogram), the increment in brain serotonin content was proportional to the rise in brain tryptophan.
To determine whether the elevated plasma tryptophan concentrations proBrain Tryptophan (jug/g) Fig. 1 . Dose-response curve relating brain tryptophan and brain serotonin. Groups of ten rats received L-tryptophan (12.5, 25, 50, or 125 mg/kg, intraperitoneally) at noon, and were killed 1 hour later. Horizontal bars represent standard errors of the mean for brain tryptophan; vertical bars represent standard errors of the mean for brain serotonin. All brain tryptophan levels were significantly higher than control values (P < .001). All brain serotonin levels were significantly higher than control values (P < .01). 150 duced by administering tryptophan (12.5 mg/kg) at noon were still within the normal daily range, groups of 16 animals were given tryptophan or its diluent at noon or at midnight [that is, at times of day when plasma tryptophan levels in rodents were expected to be low and high, respectively (10)], and were killed 1 hour later. One hour after the noon administration of the amino acid, plasma tryptophan levels were significantly higher (P <.02), (Table 1) than those of control rats killed at the same time. However, they were also significantly lower (P < .02) than those of control animals killed 12 hours later at 1 a.m. Brain tryptophan levels were almost twice as high in control animals killed at 1 a.m. as in control rats killed at 1 p.m. (9.36 + 1.00 /ug/g as compared to 5.18 + 0.57 ptg/g, P < .01). The increase in brain tryptophan produced by the administration of amino acid (12.5 mg/kg) at noon was also smaller than the nocturnal rise observed in brains of untreated animals ( Fig. 2) .
To examine the possibility that the intraperitoneal administration of Ltryptophan (12.5 mg/kg) caused plasma or brain tryptophan levels to rise to a peak that exceeded the normal dynamic range but was of too short a duration to be detected after 1 (3, 8 (10) . The shape of the curve describing the daily plasma tryptophan rhythm is similar to that of tyrosine, 'and that of the other essential amino acids; however, plasma tryptophan levels seem to be more influenced by meals than the plasma levels of other amino acids (10) .
The flux of amino acids into and out of the tissues is influenced by a variety of hormones (19) . The response of tryptophan to insulin appears to differ from that of all other amino acids thus far examined. Insulin administration to rats causes a sizable increase in plasma tryptophan levels (20) . This increase may underlie the elevation in diencephalic serotonin and 5-hydroxyindoleacetic acid levels observed in rats receiving insulin (21) .
The concentration of serotonin in the rodent brain is known to vary diurnally (22) . Our data raise the possibility that this rhythm may result partly from the daily rhythm in plasma tryptophan concentration. Neurons that contain serotonin in the brain have been implicated in the control of sleep, body temperature, and other rhythmic physiological processes (23) . If changes in brain serotonin concentration do, in fact, reflect alterations in the functional activity of these neurons (24) .
The recently developed methods of short-term marrow culture in soft agar (1) or methylcellulose (2) have permitted the identification and partial characterization of a factor present in animal and human serum and urine which stimulates single bone marrow cells to form granulocytic and mononuclear colonies (3) (4) (5) . This factor [referred to as colony-stimulating activity (CSA)] has been characterized in human urine to be a heat-stable glycoprotein having a molecular weight of about 190,000 (6) . Its physicochemical properties closely resemble erythropoietin but its biological properties are distinctive (7) . The role of this factor in the control of leukopoiesis is still unclear.
An animal model of naturally occurring periodic myelopoiesis occurs in gray collie dogs (8) . In these dogs, neutrophils are virtually absent from the peripheral blood for 2 or 3 days at 12-day intervals. This defect is related primarily to intermittent neutrophil production. The cyclic neutropenia is a component of a more general marrow -defect involving cyclic production of erythrocytes, monocytes, and platelets (9) The urines were kept at -100C for 1 to 2 weeks, thawed at room temperature, and prepared for dialysis by centrifuging for 20 minutes at 3500 rev/ min at 40C. Urine (25 ml) was dialyzed in Visking tape at 40C against 1 liter of distilled water for 72 hours, with three changes of water. The volume of urine present in each dialysis bag at the completion of the dialysis was measured. The specimens were then centrifuged at 3500 rev/min at 40C for 20 minutes and the sediment was discarded. The supernatant was filtered through Millipore filters (pore size, 0.45 nm) and stored at -10°C until CSA was measured.
Colony-stimulating activity in each urine specimen was assayed with C57B1/6N mouse bone marrow as target cells (5) . A modification of the methylcellulose technique for bone marrow culture, reported by Worton et al. (2), was employed. Femoral bone narrow plugs from three mice were obtained and pooled in 3 ml of McCoy 5A (modified) medium. A nucleated cell count was performed on the pooled specimens and a sample was diluted to a concentration of 750,000 nucleated cells per milliliter. Three-fourths milliliter of each dialyzed urine sample was added to separate plastic test tubes (17 by 100 mm; Falcon Plastics, Los Angeles) containing 0.5 ml of the diluted mouse marrow, 2.5 ml of 1.6 percent methylcellulose, 0.5 ml of fetal calf serum, and 1.25 ml McCoy medium supplemented with additional sodium bicarbonate, amino acids, vitamins, calf serum, and 6 percent (weight/volume) bovine serum albumin (10) . For purposes of assuring that proper conditions for mouse marrow colonization existed, appropriate controls with a supematant from an L cell culture of known stimulatory activity were run in parallel with the experimental assays. After the addition of all ingredients, the test tubes were vigorously shaken to produce a homogeneous single-cell suspension. From each test tube, four 1.1-ml samples were removed and plated in separate plastic petri dishes (35 by 10 mm). Thus, 75,000 nucleated cells and 0.15 ml of dialyzed urine were contained in each dish. The dishes were placed in a humidified incubator containing 10 percent C02 in air at 370C. Seven days later, each dish was examined with an inverted microscope at a magnification of X 50, and all colonies with 20 or more cells were counted.
The colony-stimulating activity was expressed as the mean number of colonies from four replicate dishes per 0.15 ml of a standardized daily urine output of 300 ml, with adjustment of the CSA being made for dilution or concentration of the urine sample during dialysis. White blood cell and differential counts were performed by SCIENCE, VOL. 173 Cyclic Urinary Leukopoietic Activity in Gray Collie Dogs Abstract. The urinary activities for bone marrow colony formation were measured on consecutive 24-hour urine samples from two gray collie dogs with cyclic neutropenia and from two normal collies. The activity varied cyclically in the gray collies with a peak activity developing during the neutropenic phase, which antecedes the return of blood neutrophils. The activity fell to undetectable levels after the blood neutrophil counts returned to the normal range. The urine of normal dogs showed no activity. Since the dogs with cyclic neutropenia have been shown to have periodic hematopoiesis, these data suggest a regulatory hormonal role for the substance measured by this assay.
